Searching PAJ 



1/2 V 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 2002-1 74929 

(43)Date of publication of application : 21.06.2002 



(SDlntCI. 




G03G 15/00 
B41J 2/44 
G03G 15/01 
G03G 15/08 




(21)Application number : 


2000-370962 


(71)Applicant 


: SEIKO EPSON CORP 


(22)Date of filing : 


06.12.2000 


(72)Inventor : 


SUGUA TAKATOSHI 








YAMADA YOSHIKO 



(54) METHOD AND DEVICE FOR DETECTING TONER CONSUMPTION 
(57)Abstract: 

PROBLEM TO BE SOLVED: To accurately obtain each 
color toner consumption with a simple constitution as 
for a color laser printer. 

SOLUTION: A printing dot having a gradation value of >1 
is outputted by a 1st comparison circuit 2, and a printing 
dot having a gradation value of >48 is outputted by a 2nd 
comparison circuit 3. A count value 1 is outputted to a 
1st counter 5 by a dot arrangement pattern 
discrimination circuit 12 whenever the printing dot 
having the gradation value of >48 is detected, and a 
count value 1 is outputted to a 2nd counter 13 
whenever the generation of three continuous dots is 
detected, and a count value 1 is outputted to a 3rd 
counter 7 whenever an isolated dot is detected, and a 
count value 1 is outputted to a 4th counter 8 whenever 
the printing dot having the gradation value of >1 is 
detected. When the count value 1 is separately 
outputted to the 1st counter 5, the 2nd counter 13, the 
3rd counter 7 and the 4th counter 8 by the 
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discrimination circuit 12, an operation of counting up by one is performed by each counter. The 
toner consumption is calculated by using a prescribed expression by a calculation circuit 14 
based on the counted values given from the 1st to 4th counters. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The toner consumption method of detection which divides a printing dot train into 
three patterns, an isolated dot, 2 continuation dot, and a mean value dot, carries out counting of 
the number of an isolated dot, the number of times of generating of 2 continuation dot, and the 
number of a mean value dot about the picture of each color printed during the predetermined 
unit, and is characterized by calculating the consumption of the toner of each color recorded on 
the record form based on those enumerated datas. 

[Claim 2] A printing dot train about the picture of each color printed during the predetermined 
unit An isolated dot, It divides into four patterns of 2 continuation dot, 3 continuation dot, and a 
mean value dot. The toner consumption method of detection which carries out counting of the 
number of an isolated dot, the number of times of generating of 2 continuation dot, the number 
of times of generating of 3 continuation dot, and the number of a mean value dot, and is 
characterized by calculating the consumption of the toner of each color recorded on the record 
form based on those enumerated datas. 

[Claim 3] Toner consumption detection equipment characterized by providing the following. The 
1st comparator circuit which compares the 1st threshold with the value of a printing dot. The 
2nd comparator circuit which compares the 2nd larger threshold than the 1st threshold with the 
value of a printing dot. An operation means to calculate the consumption of the toner of each 
color which divided the printing dot train into three patterns, an isolated dot, 2 continuation dot, 
and a mean value dot, carried out counting of the number of an isolated dot, the number of times 
of generating of 2 continuation dot, and the number of a mean value dot based on the output of 
the 1st comparator circuit and the 2nd comparator circuit, and was recorded on the record form 
based on those enumerated datas. 

[Claim 4] Toner consumption detection equipment characterized by providing the following. The 
1st comparator circuit which compares the 1st threshold with the value of a printing dot. The 
2nd comparator circuit which compares the 2nd larger threshold than the 1st threshold with the 
value of a printing dot. An operation means to calculate the consumption of the toner of each 
color which divided the printing dot train into three patterns of an isolated dot, 2 continuation 
dot, 3 continuation dot, and a mean value dot, carried out counting of the number of an isolated 
dot, the number of times of generating of 2 continuation dot, the number of times of generating 
of 3 continuation dot. and the number of a mean value dot based on the output of the 1st 
comparator circuit and the 2nd comparator circuit, and was recorded on the record form based 
on those enumerated datas. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
daneges caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2. **** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the method and 
equipment which calculate the consumption of the toner of each color with a sufficient precision 
with easy composition in color picture formation equipments, such as a color laser printer which 
forms an electrostatic latent image in a photo conductor by the light beam modulated by print 
data, and electrostatic is made for this electrostatic latent image to adsorb the color toner which 
is record material, and forms a picture in a record form. 
[0002] 

[Description of the Prior Art] In the equipment which performs color picture formation using 
color toners, such as a color laser printer, it is requested to the user that the consumption or 
the residue of a toner of yellow (Y), a Magenta (M), cyanogen (C), and black (K) is shown. [ of 
each color ] For that purpose, although the toner of each color needs to detect which was 
consumed every whenever it performs color picture formation In color picture formation 
equipment in recent years, many gradation, i.e., 1 printing dot, is made for each dot (this is called 
a printing dot) actually printed by the record form with two or more bit composition, moreover, 
the value of a printing dot, Since the relation with the amount of toners consumed is nonlinear, it 
is made very difficult to detect the toner consumption of each color of C, M, Y, and K which are 
consumed when color picture formation is performed. 

[0003] Although it is known well that the value of a printing dot and the relation of toner 
consumption are nonlinear, the following occurs, for example. Although it is common that the 
PDM (PWM) method which generates the pulse which has the width efface according to the 
value of a printing dot as a pulse modulation method, and controls the luminescence time of a 
laser beam by the present color picture formation equipment is adopted It is known that the 
relation between the width efface of the pulse outputted from the laser luminescence time, i.e., 
PWM circuit, when printing only the printing dot of a piece and the amount of toners consumed 
by the printed dot comes to be shown as the solid line of a schematic diagram 7. Since laser 
luminescence time responds to the value of a printing dot, it can be said that the above thing 
means that the relation between the value of a printing dot and toner consumption is nonlinear. 
[0004] However, the relation shown as the solid line of drawing 7 always is not realized. For 
example, the amount of toners required for printing the printing dot concerned depending on the 
value of the printing dot adjoined before and behind the printing dot concerned though the toner 
consumption when printing only one printing dot of a certain value independently is Xmg differs 
from Xmg. Thus, when printing only one printing dot independently, the value of a printing dot and 
the relation of the amount of consumption toners are nonlinear, and the amount of toners 
consumed when printing the printing dot concerned also with the value of the printing dot 
adjoined before and behind it further has a very complicated phenomenon [ say / change ]. 
[0005] this invention was made in view of the above situations, and also in the color picture 
formation equipment whose 1 printing dot is two or more bit composition, it is easy composition 
and it aims at offering the toner consumption method of detection and equipment which it is 
moreover accurate and can detect the consumption of the toner of each color of C, M, Y, and K. 
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[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 1 st toner 
consumption method of detection concerning this invention About the picture of each color 
printed during the predetermined unit like according to claim 1 A printing dot train is divided into 
three patterns, an isolated dot, 2 continuation dot. and a mean value dot, counting of the number 
of an isolated dot, the number of times of generating of 2 continuation dot, and the number of a 
mean value dot is carried out. and it is characterized by calculating the consumption of the toner 
of each color recorded on the record form based on those enumerated datas. Moreover, the 2nd 
toner consumption method of detection concerning this invention About the picture of each 
color printed during the predetermined unit like according to claim 2 A printing dot train is 
divided into four patterns, an isolated dot, 2 continuation dot, 3 continuation dot, and a mean 
value dot. Counting of the number of an isolated dot, the number of times of generating of 2 
continuation dot, the number of times of generating of 3 continuation dot, and the number of a 
mean value dot is carried out, and it is characterized by calculating the consumption of the toner 
of each color recorded on the record form based on those enumerated datas. The 1 st toner 
consumption detection equipment concerning this invention The 1st comparator circuit 
according to claim 3 which compares the 1st threshold with the value of a printing dot like, The 
2nd comparator circuit which compares the 2nd larger threshold than the 1st threshold with the 
value of a printing dot. It is based on the output of the 1 st comparator circuit and the 2nd 
comparator circuit a printing dot train An isolated dot. It divides into three patterns of 2 
continuation dot and a mean value dot, counting of the number of an isolated dot, the number of 
times of generating of 2 continuation dot, and the number of a mean value dot is carried out. and 
it is characterized by having an operation means to calculate the consumption of the toner of 
each color recorded on the record form based on those enumerated datas. Moreover, the 2nd 
toner consumption detection equipment concerning this invention The 1st comparator circuit 
according to claim 4 which compares the 1 st threshold with the value of a printing dot like. The 
2nd comparator circuit which compares the 2nd larger threshold than the 1st threshold with the 
value of a printing dot. It is based on the output of the 1st comparator circuit and the 2nd 
comparator circuit a printing dot train An isolated dot. It divides into three patterns, 2 
continuation dot 3 continuation dot, and a mean value dot Counting of the number of an isolated 
dot the number of times of generating of 2 continuation dot the number of times of generating 
of 3 continuation dot, and the number of a mean value dot is carried out, and it is characterized 
by having an operation means to calculate the consumption of the toner of each color recorded 
on the record form based on those enumerated datas. 
[0007] 

[Embodiments of the Invention] Hereafter, the form of implementation of invention is explained, 
referring to a drawing. By the way, since the relation between the value of a printing dot and the 
amount of consumption toners is nonlinear as mentioned above, it will become difficult for it to 
detect toner consumption paying attention to the value of a printing dot Then, this invention 
person found out two methods of the printing dot train to input being the array of the printing 
dot of what value without paying attention to value itself of each printing dot. or detecting toner 
consumption paying attention to the pattern of the array as a result of various experiments. The 
1st method is a fundamental method and the 2nd method is improvement of the 1st method. In 
addition, an experimental result is shown later. 

[0008] [the 1st toner consumption method of detection] — the 1st method is explained first It 
sets to this method and they are two thresholds Vthi and Vth2 to the value of a printing dot It 
sets and the pattern division of the array pattern of a printing dot train is carried out at three 
kinds. The 1st threshold Vthi It is for distinguishing and sets to Vth 1= 1 whether to be that to 
which a printing dot consumes a toner with the gradation value of a printing dot The 2nd 
threshold Vth2 Although it is for distinguishing whether a gradation value is above to some 
extent and can set suitably by the bit pattern of a printing dot when 1 printing dots are 6 bit 
patterns, it is checked by experiment that it is good to be referred to as about 2= 48 Vth with 
the gradation value of a printing dot About this, the example of comparison is shown later. In 
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fact, when 1 printing dots are 6 bit patterns, as P shows Vth 2= 48 in drawing 7 , corresponding 
to the gradation value near [ with the longer laser luminescence time in the graph which shows 
the relation between laser luminescence time and toner consumption ] the point of inflection is 
checked. 

[0009] And the pattern division of the pattern of the array of a printing dot train is carried out at 
the following three kinds. 

** Isolated dot — Printing dot both whose gradation values of the printing dot before and behind 
it it is the printing dot whose gradation value is more than the 2nd threshold, and are under the 
2nd threshold Such a printing dot is called an isolated dot. 

** 2 continuation dot — When two printing dots whose gradation values are more than the 2nd 
threshold continue. This case is called 2 continuation dot. 

** Mean value dot — Printing dot whose gradation value is under the 2nd threshold above the 
1st threshold. Such a printing dot is defined as a mean value dot. 

[0010] thus, carrying out a pattern division — an outline — it is as follows The printing dot 
whose value is more than the 2nd threshold differs in toner consumption clearly from a mean 
value dot so that he can understand easily also from drawing 7 . Then, the validity of a value 
dividing into the thing more than the 2nd threshold and the mean value dot below it first is clear. 
Next, about distinguishing an isolated dot and 2 continuation dot, it is as follows. For example, 
suppose that it turns out about a certain color that the toner consumption when printing only 
one printing dot of the maximum gradation independently is Xmg. Supposing it prints 2 dots of 
printing dots of the maximum gradation continuously at this time, it is known that the 
consumption of the toner of the color concerned at this time will increase more than it instead 
of the double precision of Xmg a little. According to such a situation, even if a value is a printing 
dot more than the 2nd threshold, the pattern division of the case where two cases where it is 
isolated are followed is carried out. 

[0011] And C of the picture printed during the unit with proper 1-page unit or job unit etc., For 
every picture of each color of M. Y, and K, carry out counting of the number of an isolated dot, 
the number of times of generating of 2 continuation dot, and the number of a mean value dot, 
and each of the three enumerated datas is received. Carry out the multiplication of the 
coefficient of weighting to each pattern, and these three values are added. By carrying out the 
multiplication of the coefficient according to the color of a toner to the aggregate value, the 
consumption of the toner of each color recorded on the record form is calculated, the amount of 
offset is applied to it and the total amount of toners of each color then consumed is calculated. 
[0012] Here, the amount of offset is the amount of toners consumed regardless of the exposure 
time by the laser beam, and it is characteristic characteristic value for every color picture 
formation equipment That is, if a photo conductor is cleaned when a pure white picture is 
printed, it is known that some toners will be discharged. This is the amount of offset Since this 
amount of offset changes with colors, the amount of offset is measured about the toner of each 
color of C, M, Y, and K, respectively. 

[0013] Specifically, it is as follows. Now, the toner consumption of each color shall be detected 
per 1 page. Moreover, the process of color picture formation shall be performed in order of C, M, 
Y, and K. 

[0014] In this case, counting of the number of an isolated dot the number of times of generating 
of 2 continuation dot, and the number of a mean value dot is first carried out about the printing 
dot of the picture of C color inputted one by one. For example, it carries out to it seeming that 
the printing dot train of the picture of C color shows now drawing 1 (a). In drawing 1 (a), 1 
printing dot presupposes that it is 64 gradation in 6 bit patterns, and is taken as the 1 st 
threshold Vth 1= 1 and the 2nd threshold Vth 2= 48. And a rectangle shows each printing dot 
and the numeric value in a rectangle shows the gradation value of each printing dot Moreover, in 
drawing 1 (a), the number of 1-14 is attached to the printing dot for convenience. 
[0015] Now, in drawing 1 (a), since it is more than the 2nd threshold since the gradation value of 
the 2nd printing dot is 60. and both the gradation values of the printing dot before and behind it 
are under the 2nd threshold in 40 and 20, the 2nd printing dot is an isolated dot The 13th 
printing dot is an isolated dot similarly. The black dot of the column of the isolated dot of 
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drawing 1 (b) shows this. 

[0016] Moreover, the gradation value of the 6th printing dot is more than the 2nd threshold, and 
is more than a threshold of the gradation value 2nd of the 7th following printing dot. Therefore, 
since the printing dot more than the 2nd threshold is following [ the gradation value ] the 6th and 
the 7th, 2 continuation dot has occurred once here, [t shows this that the black dot is attached 
to the part of the 7th printing dot of the column of 2 continuation dot of drawing 1 (b). Similarly, 
since both the gradation values of the 7th and the 8th printing dot are more than the 2nd 
threshold, 2 continuation dot has occurred once also here. It shows this that the black dot is 
attached to the part of the 8th printing dot of the column of 2 continuation dot of drawing 1 (b). 
It is the same as that of the following. Moreover, the black dot of the column of the mean value 
dot of drawing 1 (b) comes to show a mean value dot by the above-mentioned definition. 
Therefore, in the case of drawing 1 (a), the enumerated data of the number of 4 and a mean 
value dot is set [ the enumerated data of the number of an isolated dot ] to 6 by the enumerated 
data of the number of times of generating of 2 and 2 continuation dot 

[0017] And the multiplication of the weighting coefficient to each pattern is carried out to each 
of these three enumerated datas, and those three values are added to it. And the multiplication 
of the coefficient of the toner of C color is further carried out to the aggregate value, the 
amount of offset is further applied to the multiplication value, and the amount of toners of C 
color then consumed is calculated. Therefore, the consumption of 1 concerned page C color 
toner is a weighting coefficient [ as opposed to the pattern of k2 and a mean value dot for a 
weighting coefficient / as opposed to the pattern of k1 and 2 continuation dot for the weighting 
coefficient to the pattern of an isolated dot ] k3 It carries out and is Kc about the coefficient of 
the toner of C color. It carries out. C color toner consumption = Kc x{k1 x (enumerated data of 
the number of an isolated dot) 

+ k2 X (enumerated data of the number of times of generating of 2 continuation dot) 
+ k3 x(enumerated data of the number of mean value dot)} 
+ The amount of offset of C color toner — It is set to (1), 

[0018] Next, although the printing dot of the picture of M color is inputted one by one, counting 
of the number of an isolated dot, the number of times of generating of 2 continuation dot, and 
the number of a mean value dot is similarly carried out to the printing dot of the picture of M 
color. And the multiplication of the predetermined coefficient is carried out to these three 
enumerated datas, respectively, these three values are added, the amount of offset is further 
applied to the aggregate value, and the amount of toners of M color then consumed is calculated. 
Therefore, the consumption of 1 concerned page M color toner is Km about the coefficient of 
the toner of M color. If it carries out M color toner consumption = Km x{k1 x (enumerated data 
of the number of an isolated dot) 

+ k2 X (enumerated data of the number of times of generating of 2 continuation dot) 
+ k3 x(enumerated data of the number of mean value dot)} 
+ The amount of offset of M color toner — It is set to (2). 

[0019] The same is said of the printing dot of the picture of following and Y color, and the 

printing dot of the picture of K color. Therefore, the consumption of 1 concerned page Y color 

toner and the consumption of K color toner are Kk about the coefficient of the toner of Ky and 

K color in the coefficient of the toner of Y color. It carries out and is each. Y color toner 

consumption = Ky x{k1 x (enumerated data of the number of an isolated dot) 

+ k2 X (enumerated data of the number of times of generating of 2 continuation dot) 

+ kS x(enumerated data of the number of mean value dot)} 

+ The amount of offset of Y color toner — (3) K color toner consumption = Kk x{k1 x 
(enumerated data of the number of an isolated dot) 

+ k2 X (enumerated data of the number of times of generating of 2 continuation dot) 
+ k3 x(enumerated data of the number of mean value dot)} 
+ The amount of offset of K color toner — It is set to (4). 

[0020] In addition, the coefficient Ky of the weighting coefficient k1 to each above-mentioned 
pattern, k2, k3, and the toner of each color, Km. Kc, and Kk A value The amount of toners of 
each color which printed about various pictures and was then printed by the record form is 
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surveyed. The surveyed amount of toners, What is necessary is just to set based on the relation 
between the number of the isolated dot of the printing dot train of each color of the picture 
printed at that time, the number of times which 2 continuation dot generates, and the number of 
a mean value dot etc. 

[0021] Although the value of the weighting coefficient k1 to three patterns, k2, and k3 shall use 
the same value by the above-mentioned (1) - (4) formula, since a property changes with colors 
of a toner, you may change the weighting coefficient to the pattern of an isolated dot, the 
weighting coefficient to the pattern of 2 continuation dot, and the weighting coefficient to the 
pattern of a mean value dot by the color of a toner. Moreover, in the above-mentioned 
explanation, although the 2nd threshold made all the same about C, M, Y, and K, you may change 
it by the color. 

[0022] thus, various consumption of the toner of each color for which it asked can be boiled and 
used For example, when the color picture formation equipment concerned is connected to the 
personal computer, the calculated toner consumption is passed to a personal computer, toner 
consumption is integrated and memorized by the personal computer side, and it can display as a 
bar graph at the time of printing. 

[0023] Since it is above, in this toner consumption method of detection The pattern of the 
printing dot train of each color of a printing picture An isolated dot, 2 continuation dot, It divides 
into three kinds of mean value dots. The number of an isolated dot, the number of times of 
generating of 2 continuation dot. Carry out counting of the number of a mean value dot, and 
carry out the multiplication of the weighting coefficient to each pattern to these three 
enumerated datas, and it is added to them. The multiplication of the coefficient according to the 
color of a toner is carried out to the aggregate value, and since what is necessary is Just to 
perform processing in which the amount of offset is added to the multiplication value, it is 
realizable with easy composition so that it may mention later. Moreover, since this toner 
consumption method of detection detects toner consumption based on a printing dot train, it is 
not based on the pulse modulation method which generates the pulse for driving a laser beam, 
but can be applied also to the equipment which uses a Pulse-Amplitude-Modulation (Pulse 
Amplitude Modulation) method also for the equipment using PWM, or the equipment of the hybrid 
composition which combined PWM and Pulse Amplitude Modulation. 

[0024] 1 operation gestalt of [the toner consumption detection equipment which adopted the 1st 
toner consumption method of detection], next the toner consumption detection equipment which 
detects toner consumption with the toner consumption method of detection mentioned above is 
explained. In addition, 1 printing dot presupposes that they are 6 bit patterns here. 
[0025] Drawing 2 is drawing showing the regional-block view of 1 operation gestalt at the time of 
applying toner consumption detection equipment to a color laser printer. 1 — toner consumption 
detection equipment and 2 — the 1st comparator circuit and 3 — the 2nd comparator circuit 
and 4 — a dot array pattern distinction circuit (a distinction circuit is only called hereafter) and 
5 — in the 3rd counter and 8, the 4th counter and 9 show an arithmetic circuit and 1 0 shows 
[ the 1st counter and 6 / the 2nd counter and 7 ] a pulse modulation circuit In addition, a color 
laser printer presupposes that it is the thing of the type with which the development counter of 
four colors of C, M, Y, and K has been arranged around one photo conductor here. In this type of 
color laser printer, it is common knowledge to form the electrostatic latent image of four colors 
of C. M, Y, and K in one photo conductor by one laser beam. Moreover, the composition of this 
type of the whole color laser printer is common knowledge, and since it moreover is not the 
essence of this invention, in drawing 2 , illustration is omitted about the photo conductor or the 
development counter. 

[0026] Hereafter, each part shown in drawing 2 is explained. The 1 st comparator circuit 2 is the 
value and the 1st threshold Vthi of a printing dot to input It compares, the printing dot which 
has a value more than the 1st threshold is outputted to the distinction circuit 4, and it is this 1st 
threshold Vthi. It is 1 in a gradation value. 

[0027] The 2nd comparator circuit 3 is the value and the 2nd threshold Vth2 of a printing dot to 
input It compares, the printing dot which has a value more than the 2nd threshold is outputted 
to the distinction circuit 4, and it is the 2nd threshold Vth2 here. It is referred to as 48 with a 
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gradation value. 

[0028] The distinction circuit 4 is based on the train of the value of the printing dot inputted one 
by one from the 1st comparator circuit 2 and the 2nd comparator circuit 3. When the value of a 
printing dot is more than the 1st threshold and the value of a printing dot is more than the 2nd 
threshold, It is what distinguishes the case where it is four in the case of being an isolated dot 
when 2 continuation dot has occurred. Whenever a gradation value detects the printing dot more 
than the 2nd threshold, 1 is outputted to the 1st counter 5 every. Whenever it detects that 2 
continuation dot occurred, 1 is outputted to the 2nd counter 6 every, whenever it detects an 
isolated dot, 1 is outputted to the 3rd counter 7 every, and whenever it detects the printing dot 
whose gradation value is more than the 1st threshold, 1 is outputted to the 4th counter 8 every. 
Therefore, in this case, 1 will be outputted to both the 1st counter 5 and the 4th counter 8 at 
least about 48 or more printing dots whose gradation values are the 2nd threshold. 
[0029] The 1st counter 5, the 2nd counter 6, the 3rd counter 7, and the 4th counter 8 will 
perform operation which counts up only 1, respectively, if the distinction circuits 4-1 are 
outputted. In addition, a control signal is notified to these four counters from the control section 
which manages processing of the color picture formation which is not illustrated, respectively. 
There are a start signal which notifies the transfer start of a printing dot, and an end signal 
which notifies the transfer end of a printing dot in this control signal. And if a start signal is 
received, these four counters will start counting of the output from the distinction circuit 4, and 
will pass signal ****** and an enumerated data to an arithmetic circuit 9, and will clear an 
enumerated data. Supposing there is an array of a printing dot as followed, for example, shown in 
drawing 1 (a), the distinction circuit 4 As the black dot of the column of the 1st counter of 
drawing 1 (c) shows to the 1st counter 5, the enumerated data in the 1st counter 5 in the period 
of the printing dot train which will output 1, respectively at the time of the 2nd, the 6-1 0th, and 
the 13th printing dot, therefore is shown in drawing 1 (a) is set to 7. The same is said of the 2nd 
counter 6 - the 4th counter 8. 

[0030] A control signal is notified to an arithmetic circuit 9 from the control section which 
manages processing of the color picture formation which is not illustrated. There are a 
chrominance signal which shows of which color the process performed now is a thing, a start 
signal which notifies the transfer start of a printing dot, and an end signal which notifies the 
transfer end of a printing dot in this control signal. Therefore, although an arithmetic circuit 9 
receives an enumerated data from the 1st counter 5 - the 4th counter 8, the arithmetic circuit 9 
recognizes whether the enumerated data received from each counters 5-8 is a thing about the 
picture of which color by the chrominance signal from a control section. 

[0031] And an arithmetic circuit 9 calculates the enumerated data of the number of an isolated 
dot, the enumerated data of the number of times of generating of 2 continuation dot, and the 
enumerated data of the number of a mean value dot based on the enumerated data received 
from the 1st counter 5 - the 4th counter 8. The enumerated data of the number of an isolated 
dot is the enumerated data of the 3rd counter 7 itself. The enumerated data of the number of 
times of generating of 2 continuation dot is the enumerated data of the 2nd counter 6 itself. 
Moreover, the enumerated data of the number of a mean value dot can be calculated with the 
value which subtracted the enumerated data of the 1st counter 5 from the enumerated data of 
the 4th counter 8. 

[0032] And an arithmetic circuit 9 is the weighting coefficient [ as opposed to each pattern to 
the enumerated data of the enumerated data of the number of an isolated dot, the enumerated 
data of the number of times of generating of 2 continuation dot, and the enumerated data of the 
number of a mean value dot ] k1, k2, and k3. Multiplication is carried out. These three values are 
added, the multiplication of the coefficient according to the color of a toner is further carried out 
to the aggregate value, the amount of offset according to the color of a toner is further added to 
it, and the toner consumption of the color concerned in this print is calculated. In addition, the 
weighting coefficient k1 to these three patterns, k2, and k3 A value, the coefficient Ky of the 
toner of each color, Km, Kc, and Kk The value and the amount of offset of each color are 
beforehand set as the arithmetic circuit 9. 

[0033] The pulse modulation circuit 10 may be the thing of the hybrid composition which 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web^cgi.ejje 



2003/10/07 



7/15 ^— V 



generates the pulse which drives a laser beam based on a printing dot, and combined them using 
Pulse Amplitude Modulation using PWM. 

[0034] Hereafter, although operation is explained, the process of color picture formation shall be 
performed in order of C, M, Y, and K here. First, although the process of color picture formation 
of C is performed, a start signal is notified to the 1st counter 5 ~ the 4th counter 8 from a 
control section at this time, and the chrominance signal and start signal which show that it is 
color picture formation of C from a control section are notified to an arithmetic circuit 9. 
[0035] And a transfer of the printing dot of the picture of C is started and this printing dot is 
inputted into the 1st comparator circuit 2, the 2nd comparator circuit 3, and the pulse 
modulation circuit 10. In the pulse modulation circuit 10, pulse modulation is performed based on 
the value of each printing dot. and the generated pulse is supplied to a laser mechanical 
component (not shown to drawing 2 ). 

[0036] Moreover, for the 1 st comparator circuit 2, the value of the printing dot to input is the 1 st 
threshold Vth1. The value of the printing dot which outputs the value of the printing dot to the 
distinction circuit 4, and the 2nd comparator circuit 3 inputs in being above is the 2nd threshold 
Vth2. In being above, it performs operation which outputs the value of this printing dot to the 
distinction circuit 4. 

[0037] And the distinction circuit 4 is based on the train of the value of the printing dot supplied 
one by one from the 1 st comparator circuit 2 and the 2nd comparator circuit 3. When the value 
of a printing dot is more than the 1st threshold and the value of a printing dot is more than the 
2nd threshold, It is what distinguishes the case where it is four in the case of being an isolated 
dot when 2 continuation dot has occurred. Whenever a gradation value detects the printing dot 
more than the 2nd threshold, 1 is outputted to the 1st counter 5 every. Whenever it detects that 
2 continuation dot occurred, 1 is outputted to the 2nd counter 6 every, whenever it detects an 
isolated dot, 1 is outputted to the 3rd counter 7 every, and whenever it detects the printing dot 
whose gradation value is more than the 1st threshold, operation which outputs 1 to the 4th 
counter 8 every is performed. 

[0038] The 1st counter 5 - the 4th counter 8 repeat operation counted up every, whenever the 
distinction circuits 4-1 are outputted after receiving a start signal until it receives a signal, and 
the 1 st counter 5 - the 4th counter 8 — and — if a signal is received — the enumerated data at 
that time — an arithmetic circuit 9 — passing — an enumerated data — clearing — the 
following counting — operation is stood by 

[0039] If an enumerated data is received from the 1st counter 5 - the 4th counter 8, since it 
recognizes that the enumerated data concerned is an enumerated data about the printing dot of 
the picture of C, an arithmetic circuit 9 will calculate the consumption of C color toner at this 
time by the following formula. 

C color toner consumption = Kc x{k1 x (enumerated data of the 3rd counter) 
+ k2 X (enumerated data of the 2nd counter) 

+ k3 x(enumerated data of the enumerated-data-1 st counter of 4th counter)} 
+ the amount of offset of C color toner — (5) — although the process of the image formation of 
M is started after doing in this way and completing the process of the image formation of C next, 
a start signal is notified to the 1st counter 5 - the 4th counter 8 from a control section at this 
time, and the chrominance signal and start signal which show that it is color picture formation of 
C from a control section are notified to an arithmetic circuit 9 

[0040] And a transfer of the printing dot of the picture of M is started and this printing dot is 
inputted into the 1st comparator circuit 2, the 2nd comparator circuit 3, and the pulse 
modulation circuit 10. In the pulse modulation circuit 10, pulse modulation is performed based on 
the value of each printing dot, and the generated pulse is supplied to a laser mechanical 
component 

[0041] Moreover, for the 1st comparator circuit 2, the value of the printing dot to input is the 1st 
threshold Vthl. The value of the printing dot which outputs the value of the printing dot to the 
distinction circuit 4, and the 2nd comparator circuit 3 inputs in being above is the 2nd threshold 
Vth2. In being above, it performs operation which outputs the value of this printing dot to the 
distinction circuit 4. 
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[0042] And the distinction circuit 4 is based on the train of the value of the printing dot supplied 
one by one from the 1 st comparator circuit 2 and the 2nd comparator circuit 3. When the value 
of a printing dot is more than the 1st threshold and the value of a printing dot is more than the 
2nd threshold, It is what distinguishes the case where it is four in the case of being an isolated 
dot when 2 continuation dot has occurred. Whenever a gradation value detects the printing dot 
more than the 2nd threshold, 1 is outputted to the 1st counter 5 every. Whenever it detects that 
2 continuation dot occurred, 1 is outputted to the 2nd counter 6 every, whenever it detects an 
isolated dot, 1 is outputted to the 3rd counter 7 every, and whenever it detects the printing dot 
whose gradation value is more than the 1st threshold, operation which outputs 1 to the 4th 
counter 8 every is performed. 

[0043] The 1st counter 5 - the 4th counter 8 repeat operation counted up every, whenever the 
distinction circuits 4-1 are outputted after receiving a start signal until it receives a signal, and 
the 1st counter 5 - the 4th counter 8 — and — if a signal is received — the enumerated data at 
that time — an arithmetic circuit 9 — passing — an enumerated data — clearing — the 
following counting — operation is stood by 

[0044] If an enumerated data is received from the 1st counter 5 - the 4th counter 8, since it 
recognizes that the enumerated data concerned is an enumerated data about the printing dot of 
the picture of M, an arithmetic circuit 9 will calculate the consumption of M color toner at this 
time by the following formula. 

M color toner consumption = Km x{k1 x (enumerated data of the 3rd counter) 
+ k2 X (enumerated data of the 2nd counter) 

+ k3 x(enumerated data of the enumerated-data-1 st counter of 4th counter)} 

+ The amount of offset of M color toner — (6) [0045] Next, although the process of the image 

formation of Y is performed, and the process of the image formation of K is performed 

continuously, the toner consumption of Y color and the toner consumption of K color are 

calculated similarly also at the time of these image formation processes. The consumption of Y 

color toner at this time and the consumption of K color toner are as follows respectively. 

[0046] 

Y color toner consumption = Ky x{k1 x (enumerated data of the 3rd counter) 
+ k2 X (enumerated data of the 2nd counter) 

+ k3 x(enumerated data of the enumerated-data-1 st counter of 4th counter)} 

+ The amount of offset of Y color toner — (7) K color toner consumption = Kk x{k1 x 

(enumerated data of the 3rd counter) 

+ k2 X (enumerated data of the 2nd counter) 

+ k3 x(enumerated data of the enumerated-data-1 st counter of 4th counter)} 
+ The amount of offset of K color toner — (8) [0047] In addition, since the case where the 
electrostatic latent image of four colors of C, M. Y, and K was applied to the color laser printer 
of the type formed in one photo conductor by one laser beam was explained, although the 
operation of the toner consumption of each color is performed for every formation process of 
one color picture in the above example In applying to the so-called tandem type equipped with 
four sets of a photo conductor and a development counter of thing Since what is necessary is 
just to form this toner consumption detection equipment in the system of four image formation 
processes, C, M, Y, and K, respectively, although it is also possible to calculate toner 
consumption per one print, of course It is also possible to calculate toner consumption in a unit 
with proper job unit or one-day unit etc. In this case, naturally it is necessary to change suitably 
the gestalt of the control signal notified to four counters and an arithmetic circuit 9 according to 
the unit which calculates toner consumption. 

[0048] The weighting coefficient [ as opposed to three patterns by the above-mentioned 
explanation ] k1, k2, and k3 Although the value shall use the same value, since a property 
changes with colors of a toner, you may change the weighting coefficient to the pattern of an 
isolated dot, the weighting coefficient to the pattern of 2 continuation dot, and the weighting 
coefficient to the pattern of a mean value dot by the color of a toner. 

[0049] What is necessary is just to give the data of the consumption of the toner of each color 
for which it asked in the arithmetic circuit 9 to a means to manage the processing which 
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performs the display of toner consumption or a toner residue. In the printing screen of the 
personal computer which gives by this the image data printed on the color laser printer 
concerned, if it has the proper display function to the printer concerned itself possible 
[ displaying the consumption or the residue of a toner of each color with proper graphs, such as 
a bar graph, ], it is possible to display the consumption or the residue of a toner of each color 
using the display function. 

[0050] Since it is above, according to this toner consumption detection equipment, the toner 
consumption of each color can be calculated with easy composition, and it is possible to apply to 
the thing using any pulse modulation methods moreover. 

[0051] [The 2nd toner consumption method of detection], next the 2nd amount method of 
detection of toners are explained. In addition, about an isolated dot, 2 continuation dot, a mean 
value dot, the 1st threshold, and the 2nd threshold, it is the same in having mentioned above. 
[0052] This 2nd method is improvement of the 1st method mentioned above, by the 1st method, 
the pattern of the array of a printing dot train Although it classified into three kinds, an isolated 
dot, 2 continuation dot, and a mean value dot, and the consumption of the toner of each color 
was detected based on three enumerated datas, the enumerated data of the number of an 
isolated dot, the enumerated data of the number of times of generating of 2 continuation dot, 
and the enumerated data of the number of a mean value dot It is made to also distinguish 3 
continuation dot by this 2nd method in addition to three kinds of above-mentioned patterns. 
Here, 3 continuation dot shall mean the case where three printing dots whose gradation values 
are more than the 2nd threshold continue. 

[0053] To 2 continuation dot, in addition, also distinguishing 3 continuation dot By for example, 
three cases where two printing dots of the maximum gradation are continuing and the case 
where it is continuing The latter toner consumption is because it thinks [ that toner consumption 
can be detected with a more sufficient precision by distinguishing 2 continuation dot and 3 
continuation dot, and ] since there is a phenomenon of increasing more than it instead of 3/2 of 
the former toner consumption a little. 

[0054] Specifically, it is as follows. Now, the toner consumption of each color shall be detected 
per 1 page. Moreover, the process of color picture formation shall be performed in order of C, M, 
Y, and K. 

[0055] In this case, counting of the number of an isolated dot, the number of times of generating 
of 2 continuation dot, the number of times of generating of 3 continuation dot. and the number of 
a mean value dot is first carried out about the printing dot of the picture of C color inputted one 
by one. For example, it carries out to it seeming that the printing dot train of the picture of C 
color shows now drawing 3 (a). In addition, drawing 3 (a) is the same as drawing 1 (a). 1 printing 
dots are 6 bit patterns, and are taken as the 1st threshold Vth 1= 1 and the 2nd threshold Vth 
2= 48 also here. 

[0056] About an isolated dot, 2 continuation dot, and a mean value dot, it is the same in having 
explained by the 1st method. About 3 continuation dot, it is as follows. The gradation value of 
the 6th printing dot is more than the 2nd threshold, and both the gradation values of the 7th and 
the 8th following printing dot are also more than the 2nd threshold. Therefore, since the printing 
dot more than the 2nd threshold is following [ the gradation value ] the 6th, the 7th, and the 8th. 
3 continuation dot has occurred once here. It shows this that the black dot is attached to the 
part of the 8th printing dot of the column of 3 continuation dot of drawing 3 (b). Similarly, since 
each gradation value of the 7th, the 8th, and the 9th printing dot is more than the 2nd threshold, 
3 continuation dot has occurred once also here. It shows this that the black dot is attached to 
the part of the 9th printing dot of the column of 3 continuation dot of drawing 3 (b). It is the 
same as that of the following. Therefore, in the case of drawing 3 (a), the enumerated data of the 
number of 3 and a mean value dot is set [ the enumerated data of the number of an isolated 
dot / the enumerated data of the number of times of generating of 2 and 2 continuation dot ] to 
6 by the enumerated data of the number of times of generating of 4 and 3 continuation dot. 
[0057] And the multiplication of the weighting coefficient to each pattern is carried out to these 
four enumerated datas, respectively, and those four values are added. And the multiplication of 
the coefficient of the toner of C color is further carried out to the aggregate value, the amount 
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of offset is further applied to the multiplication value, and the amount of toners of C color then 
consumed is calculated. Therefore, the consumption of 1 concerned page C color toner A 
weighting coefficient [ as opposed to the pattern of k1 and 2 continuation dot for the weighting 
coefficient to the pattern of an isolated dot ] k2, It is a weighting coefficient [ as opposed to the 
pattern of k3 and a mean value dot for the weighting coefficient to the pattern of 3 continuation 
dot ] k4 It carries out and is Kc about the coefficient of the toner of C color. It carries out C 
color toner consumption = Kc x(k1 x (enumerated data of the number of an isolated dot) 
+ k2 X (enumerated data of the number of times of generating of 2 continuation dot) 
+ k3 X (enumerated data of the number of times of generating of 3 continuation dot) 
+ k4 x(enumerated data of the number of mean value dot)} 
+ The amount of offset of C color toner — It is set to (9). 

[0058] Next, although the printing dot of the picture of M color is inputted one by one, counting 
of the number of an isolated dot, the number of times of generating of 2 continuation dot, the 
number of times of generating of 3 continuation dot, and the number of a mean value dot is 
similarly carried out to the printing dot of the picture of M color. And the multiplication of the 
weighting coefficient to each pattern is carried out to these four enumerated datas, respectively, 
and those four values are added, and — further — the aggregate value — the coefficient of the 
toner of M color — multiplication — carrying out — further — the multiplication value — the 
amount of offset — in addition, the amount of toners of M color then consumed is calculated 
Therefore, the consumption of 1 concerned page C color toner is Km about the coefficient of 
the toner of M color. It carries out. M color toner consumption = Km x{k1 x (enumerated data of 
the number of an isolated dot) 

+ k2 X (enumerated data of the number of times of generating of 2 continuation dot) 
+ k3 X (enumerated data of the number of times of generating of 3 continuation dot) 
+ k4 x(enumerated data of the number of mean value dot)} 
+ The amount of offset of M color toner — It is set to (10). 

[0059] The same is said of the printing dot of the picture of following and Y color, and the 
printing dot of the picture of K color. Therefore, the consumption of 1 concerned page Y color 
toner and the consumption of K color toner are Kk about the coefficient of the toner of Ky and 
K color in the coefficient of the toner of Y color. It carries out and is each. Y color toner 
consumption = Ky x{k1 x (enumerated data of the number of an isolated dot) 
+ k2 X (enumerated data of the number of times of generating of 2 continuation dot) 
+ k3 X (enumerated data of the number of times of generating of 3 continuation dot) 
+ k4 x(enumerated data of the number of mean value dot)} 

+ The amount of offset of Y color toner — (1 1) K color toner consumption = Kk x{k1 x 
(enumerated data of the number of an isolated dot) 

+ k2 X (enumerated data of the number of times of generating of 2 continuation dot) 
+ k3 x (enumerated data of the number of times of generating of 3 continuation dot) 
+ k4 x(enumerated data of the number of mean value dot)} 
+ The amount of offset of K color toner — It is set to (1 2). 

[0060] In addition, the weighting coefficient k1 to each above-mentioned pattern, k2, k3, and k4 
And the coefficient Ky of the toner of each color, Km, Kc, and Kk A value The amount of toners 
of each color which printed about various pictures and was then printed by the record form is 
surveyed The surveyed amount of toners, What is necessary is Just to set based on the relation 
between the number of the isolated dot of the printing dot train of each color of the picture 
printed at that time, the number of times which 2 continuation dot generates, the number of 
times which 3 continuation dot generates, and the number of a mean value dot etc. 
[0061] The weighting coefficient [ as opposed to four patterns at the above-mentioned (9) - (12) 
formula ] k1, k2, and k3 and k4 Although the value shall use the same value A weighting 
coefficient [ as opposed to the pattern of an isolated dot by the color of a toner ] since a 
property changes with colors of a toner, You may change the weighting coefficient to the pattern 
of 2 continuation dot, the weighting coefficient to the pattern of 3 continuation dot, and the 
weighting coefficient to the pattern of a mean value dot Moreover, in the above-mentioned 
explanation, although the 2nd threshold made all the same about C, M, Y, and K, you may change 
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it by the color, in addition, as for various consumption of the toner of each color for which 
carried out in this way and it asked, it is same in having mentioned above that it can be alike and 
can use 

[0062] Since it is above, in this toner consumption method of detection The pattern of the 
printing dot train of each color of a printing picture An isolated dot, 2 continuation dot. It divides 
into four kinds of 3 continuation dot and a mean value dot. The number of an isolated dot, 
Counting of the number of times of generating of 2 continuation dot, the number of times of 
generating of 3 continuation dot, and the number of a mean value dot is carried out. Since what 
is necessary is just to perform processing in which carry out the multiplication of the weighting 
coefficient to each pattern to these four enumerated datas, and add it to them, and carry out 
the multiplication of the coefficient according to the color of a toner to the aggregate value, and 
the amount of offset is added to the multiplication value, it is realizable with easy composition so 
that it may mention later. Moreover, since this toner consumption method of detection detects 
toner consumption based on a printing dot train, it is not based on the pulse modulation method 
which generates the pulse for driving a laser beam, but can be applied also to the equipment 
which uses a Pulse-Amplitude-Modulation (Pulse Amplitude Modulation) method also for the 
equipment using PWM, or the equipment of the hybrid composition which combined PWM and 
Pulse Amplitude Modulation. 

[0063] 1 operation gestalt of [the toner consumption detection equipment which adopted the 
2nd toner consumption method of detection], next the toner consumption detection equipment 
which detects toner consumption with the 2nd toner consumption method of detection 
mentioned above is explained. In addition, 1 printing dot presupposes that they are 6 bit patterns 
here. 

[0064] Drawing 4 is drawing showing the regional-block view of 1 operation gestalt at the time of 
applying toner consumption detection equipment to a color laser printer. Although the 
composition shown in drawing 4 is the same as that of what is shown in drawing 2 , a part of the 
operation differs. In drawing 4 , in toner consumption detection equipment and 12, a dot array 
pattern distinction circuit (a distinction circuit is only called hereafter) and 13 show the 2nd 
counter, and 14 shows [ 11 ] an arithmetic circuit. In addition, in drawing 4 , the explanation 
which attaches the same sign and overlaps about the same thing as what is shown in drawing 2 
will be minimized. Moreover, although [ here / a color laser printer ] it is the thing of the type 
with which the development counter of four colors of C, M, Y, and K has been arranged around 
one photo conductor, the composition of this type of the whole color laser printer is common 
knowledge, and since it moreover is not the essence of this invention, by drawing 4 , illustration 
is omitted about the photo conductor or the development counter. 
, [0065] The distinction circuit 12 is based on the train of the value of the printing dot inputted 
one by one from the 1st comparator circuit 2 and the 2nd comparator circuit 3. When the value 
of a printing dot is more than the 1st threshold and the value of a printing dot is more than the 
2nd threshold. It is what distinguishes the case where it is four in the case of being an isolated 
dot when 3 continuation dot has occurred. Whenever a gradation value detects the printing dot 
more than the 2nd threshold, 1 is outputted to the 1st counter 5 every. Whenever it detects that 
3 continuation dot occurred, 1 is outputted to the 2nd counter 13 every, whenever it detects an 
isolated dot, 1 is outputted to the 3rd counter 7 every, and whenever it detects the printing dot 
whose gradation value is more than the 1st threshold, 1 is outputted to the 4th counter 8 every. 
[0066] The 1st counter 5, the 2nd counter 13, the 3rd counter 7, and the 4th counter 8 will 
perform operation which counts up only 1, respectively, if the distinction circuits 12-1 are 
outputted. In addition, a control signal is notified to these four counters from the control section 
which manages processing of the color picture formation which is not illustrated, respectively. 
There are a start signal which notifies the transfer start of a printing dot, and an end signal 
which notifies the transfer end of a printing dot in this control signal. And if a start signal is 
received, these four counters will start counting of the output from the distinction circuit 12, and 
will pass signal ****** and an enumerated data to an arithmetic circuit 14, and will clear an 
enumerated data. Supposing there is an array of a printing dot as followed, for example, shown in 
drawing 3 (a), the distinction circuit 1 2 As the black dot of the column of the 1 st counter of 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2003/10/07 



12/15 ^— V 



drawing 1 (c) shows to the 1st counter 5, the enumerated data in the 1st counter 5 in the period 
of the printing dot train which will output 1, respectively at the time of the 2nd, the 6-1 0th, and 
the 13th printing dot, therefore is shown in drawing 1 (a) is set to 7. The same is said of the 2nd 
counter 13, the 3rd counter 7, and the 4th counter 8. 

[0067] A control signal is notified to an arithmetic circuit 14 from the control section which 
manages processing of the color picture formation which is not illustrated. There are a 
chrominance signal which shows of which color the process performed now is a thing, a start 
signal which notifies the transfer start of a printing dot, and an end signal which notifies the 
transfer end of a printing dot in this control signal. Therefore, although an arithmetic circuit 14 
receives an enumerated data from the 1st - the 4th counter, the arithmetic circuit 14 recognizes 
whether the enumerated data received from each counter is a thing about the picture of which 
color by the chrominance signal from a control section. 

[0068] And an arithmetic circuit 14 calculates the enumerated data of the number of an isolated 
dot, the enumerated data of the number of times of generating of 2 continuation dot, the 
enumerated data of the number of times of generating of 3 continuation dot, and the enumerated 
data of the number of a mean value dot based on the enumerated data received from the 1 st 
counter - the 4th counter. The enumerated data of the number of an isolated dot is the 
enumerated data of the 3rd counter 7 itself. The enumerated data of the number of times of 
generating of 3 continuation dot is the enumerated data of the 2nd counter 13 itself. Moreover, 
the enumerated data of the number of times of generating of 2 continuation dot can be 
calculated with the value which subtracted the enumerated data of the 2nd counter, and the 
enumerated data of the 3rd counter from the enumerated data of the 1st counter 5. 
Furthermore, the enumerated data of the number of a mean value dot can be calculated with the 
value which subtracted the enumerated data of the 1st counter 5 from the enumerated data of 
the 4th counter 8. 

[0069] An arithmetic circuit 14 And the enumerated data of the number of an isolated dot, the 
enumerated data of the number of times of generating of 2 continuation dot. The weighting 
coefficient [ respectively as opposed to each pattern to four enumerated datas of the 
enumerated data of the number of times of generating of 3 continuation dot, and the enumerated 
data of the number of a mean value dot ] k1, k2, k3, and k4 Multiplication is carried out. These 
four values are added, the multiplication of the coefficient according to the color of a toner is 
further carried out to the aggregate value, the amount of offset according to the color of a toner 
is further added to it, and the toner consumption of the color concerned in this print is 
calculated. In addition, the weighting coefficient k1 to these four patterns, k2, k3, and k4 A value, 
the coefficient Ky of the toner of each color, Km, Kc, and Kk The value and the amount of offset 
of each color are beforehand set as the arithmetic circuit 1 4. 

[0070] Hereafter, although operation is explained, the process of color picture formation shall be 
performed in order of C, M, Y, and K here. First, although the process of color picture formation 
of C is performed, a start signal is notified to the 1 st counter 5 - the 4th counter 8 from a 
control section at this time, and the chrominance signal and start signal which show that it is 
color picture formation of C from a control section are notified to an arithmetic circuit 14. 
[0071] And a transfer of the printing dot of the picture of C is started and this printing dot is 
inputted into the 1st comparator circuit 2, the 2nd comparator circuit 3, and the pulse 
modulation circuit 10. In the pulse modulation circuit 10, pulse modulation is performed based on 
the value of each printing dot, and the generated pulse is supplied to a laser mechanical 
component (not shown to drawing 4 ). 

[0072] Moreover, for the 1st comparator circuit 2, the value of the printing dot to input is the 1st 
threshold Vthl. The value of the printing dot which outputs the value of the printing dot to the 
distinction circuit 12, and the 2nd comparator circuit 3 inputs in being above is the 2nd threshold 
Vth2. In being above, it performs operation which outputs the value of this printing dot to the 
distinction circuit 12. 

[0073] And the distinction circuit 12 is based on the train of the value of the printing dot 
supplied one by one from the 1st comparator circuit 2 and the 2nd comparator circuit 3. When 
the value of a printing dot is more than the 1st threshold and the value of a printing dot is more 
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than the 2nd threshold. It is what distinguishes the case where it is four in the case of being an 
isolated dot when 3 continuation dot has occurred. Whenever a gradation value detects the 
printing dot more than the 2nd threshold. 1 is outputted to the 1st counter 5 every. Whenever it 
detects that 3 continuation dot occurred, 1 is outputted to the 2nd counter 13 every, whenever 
it detects an isolated dot, 1 is outputted to the 3rd counter 7 every, and whenever it detects the 
printing dot whose gradation value is more than the 1st threshold, operation which outputs 1 to 
the 4th counter 8 every is performed. 

[0074] The 1 st counter 5 - the 4th counter 8 repeat operation counted up every, whenever the 
distinction circuits 12-1 are outputted after receiving a start signal until it receives a signal, and 
the 1st counter 5 - the 4th counter 8 — and — if a signal is received — the enumerated data at 
that time — an arithmetic circuit 14 — passing — an enumerated data — clearing — the 
following counting — operation is stood by 

[0075] If an enumerated data is received from the 1st counter 5 - the 4th counter 8, an 
arithmetic circuit 14 Since it recognizes that the enumerated data concerned is an enumerated 
data about the printing dot of the picture of C It is [ enumerated data / of the 1st counter 5 ] 
the enumerated data of c3 and the 4th counter 8 about the enumerated data of c2 and the 3rd 
counter 7 in the enumerated data of c1 and the 2nd counter 13 c4 It carries out and the 
consumption of C color toner at this time is calculated by the following formula. 
C color toner consumption =Kcx{k1xc3+k2x(c1-c2-c3)+k3xc2 + The amount of offset of a k4x 
(c4-c1)}+C color toner — (13) Here k1 The weighting coefficient and k2 to the pattern of an 
isolated dot The weighting coefficient and k3 to the pattern of 2 continuation dot The weighting 
coefficient and k4 to the pattern of 3 continuation dot It is a weighting coefficient to the pattern 
of a mean value dot. 

[0076] Thus, although image formation of M is performed, the process of the image formation of 
Y is performed to the degree and the process of the image formation of K is further performed 
to it after the process of the image formation of C is completed next, an arithmetic circuit 14 
calculates the toner consumption of M color, the toner consumption of Y color, and the toner 
consumption of K color by the following formula similarly also at the time of these image 
formation processes. 
[0077] 

M color toner consumption =Kmx{k1xc3+k2x(c1-c2~c3)+k3xc2 + The amount of offset of a k4x 
(c4-c1)}+M color toner — (14) Y color toner consumption =Kyx{k1xc3+k2x(c1-c2-c3)+k3xc2 + 
The amount of offset of a k4x(c4-c1)}+Y color toner — (15) K color toner consumption =Kkx 
{k1xc3+k2x(c1-c2-c3)+k3xc2 The amount of offset of a +k4x(c4-c1)H-K color toner — (16) 
[0078] The weighting coefficient [ as opposed to / as mentioned above / four patterns ] k1, k2, 
k3. and k4 A value and the coefficient Ky of the toner of each color, Km, Kc, and Kk Although a 
value can be calculated by experiment When 1 printing dot considers as 6 bit patterns and the 
2nd threshold Vth 2= 48 according to the experiment of this invention person. k1 =0.76 — (17) 
k2 =1.00 — (18) k3 =1.10 — (19) k4 =0.30 — (20) Kc =9.20x10-6 — (21) Km =10.50x10-6 — 
(22) Ky =9.95x10-6 — (23) Kk =12.53x10-6 — (24) was obtained. When calculating (13) - (16) 
formula using these values, it was checked that the toner consumption of each color can be 
calculated in the unit of mg. 

[0079] In addition, since the case where the electrostatic latent image of four colors of C, M, Y, 
and K was applied to the color laser printer of the type formed in one photo conductor by one 
laser beam was explained, although the operation of the toner consumption of each color is 
performed for every formation process of one color picture in the above example In applying to 
the so-called tandem type equipped with four sets of a photo conductor and a development 
counter of thing Since what is necessary is just to form this toner consumption detection 
equipment in the system of four image formation processes, C, M, Y, and K, respectively, 
although it is also possible to calculate toner consumption per one print, of course It is also 
possible to calculate toner consumption in a unit with proper job unit or one-day unit etc. In this 
case, naturally it is necessary to change suitably the gestalt of the control signal notified to four 
counters and an arithmetic circuit 14 according to the unit which calculates toner consumption. 
[0080] In addition, the weighting coefficient [ as opposed to four patterns by the above- 
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mentioned explanation ] k1, k2, and k3 and k4 Although the value shall use the same value A 
weighting coefficient [ as opposed to the pattern of an isolated dot by the color of a toner ] 
since a property changes with colors of a toner, You may change the weighting coefficient to the 
pattern of 2 continuation dot, the weighting coefficient to the pattern of 3 continuation dot, and 
the weighting coefficient to the pattern of a mean value dot 

[0081] About the method of use of the data of the consumption of the toner of each color for 
which it asked in the arithmetic circuit 14, it is the same in having mentioned above. 
[0082] Since it is above, according to this toner consumption detection equipment, the toner 
consumption of each color can be calculated with easy composition, and it is possible to apply to 
the thing using any pulse modulation methods moreover. 

[0083] A [experimental result], next the experimental result which this invention person 
performed are shown in drawing 5 . Drawing 5 is drawing showing the relation between the 
theoretical value of the toner consumption per sheet when printing 19 various pictures, such as 
a picture including both the graphic picture and natural picture containing many natural pictures 
of a landscape etc., geometric figures, etc., and a graphic picture, and the actual measurement of 
the amount of toners actually consumed at the time of a print. In addition, in this experiment, 1 
printing dots are 6 bit patterns, and are the 1st threshold Vth 1=1 and the 2nd threshold Vth 2= 
48. 

[0084] Here, the theoretical value of toner consumption is the consumption of the toner of each 
color for which it asked by (13) - (16) formula using the value of above-mentioned (17) - (24). In 
drawing 5 (a), the consumption of M toner and drawing 5 (c) show the consumption of C color 
toner, drawing 5 (d) shows the consumption of K color toner, a horizontal axis is a theoretical 
value per sheet, the vertical axis of all is an actual measurement per sheet, and the unit of the 
consumption of Y color toner and drawing 5 (b) is mg. Moreover, every point of the picture on 
which each of which is plotted at the white round head or black rectangular head of drawing 5 (a) 
- (d) printed, respectively is shown, and 19 points are plotted by each of drawing 5 (a) ~ (d). 
Moreover, although the equation "y=1.0000x--0.0002" is indicated by drawing 5 (a), it is the linear 
equation shown in drawing 5 (a) when this sets a horizontal axis to x and sets a vertical axis to y. 
Moreover, although the publication "R2 =0.9831" is shown in drawing 5 (a), this is a correlation 
coefficient when searching for the correlation of a theoretical value and an actual measurement 
about 19 points currently plotted. Drawing 5 (b) The same is said of - (d). 

[0085] Then, if drawing 5 (a) - (d) is seen, as for the correlation coefficient of a theoretical value 
and an actual measurement, it turns out about the toner of all colors that near and the point 
currently plotted are good on one straight line, and it has ridden 1. it is shown that this, i.e., a 
theoretical value, suits the actual measurement well — **** — there are no other oaks 
[0086] Next, drawing 6 is shown for drawing 5 and comparison. Drawing 6 is drawing showing the 
relation between the theoretical value of the toner consumption when printing the 1 9 same 
pictures, and the actual measurement of the amount of toners actually consumed at the time of 
a print with having printed by drawing 5 . Although it is ** and the 1st threshold Vth 1=1 in 1 
printing dot ** h6 bit pattern also in this experiment, it is made with the 2nd threshold Vth 2= 
63. That is, in this experiment, the 2nd threshold is made with the maximum gradation value. In 
addition, the meaning of an equation and the meaning of a correlation coefficient are the same as 
drawing 5 . 

[0087] Drawing 6 (a) When - (d) is seen, it turns out that there is a plot which is separated from 
the straight line, and that it is worse than what a correlation coefficient shows to drawing 5 . The 
above thing shows that it is useful to set the 2nd threshold to 48 with a gradation value, when 1 
printing dots are 6 bit patterns. 

[0088] thus, the case where 1 printing dots are 6 bit patterns — the 2nd threshold Vth2 
although the theoretical explanation about what it can be referred to as 48 with a gradation 
value, the pattern of a printing dot train can be divided into four patterns, an isolated dot 2 
continuation dot, 3 continuation dot, and a mean value dot, and (9) - (1 2) formula can detect 
toner consumption with a sufficient precision for is very difficult — an outline — it is thought 
that the following can be said 

[0089] When 1 printing dots are 6 bit patterns, as are mentioned above, and a gradation value 
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shows 48 by P in drawing 7 , corresponding to the gradation value near [ with the longer laser 
luminescence time in the graph which shows the relation between laser luminescence time and 
toner consumption ] the point of inflection is checked. And when it is going to set up a threshold, 
adopting the point of inflection of a graph or the value of the near in many cases generally is 
known well. Moreover, the printing dot of the gradation value of P or more points can be 
considered that the amount of toners consumed is equivalent so that clearly also from the 
property of the solid line of drawing 7 . From the above thing, when 1 printing dots are 6 bit 
patterns, it is considered that there is validity to set the 2nd threshold to 48 with a gradation 
value. 

[0090] However, it is desirable to distinguish the case of an isolated dot. the case of 2 
continuation dot, and the case of 3 continuation dot for the reason mentioned above, even if a 
value is a printing dot more than the 2nd threshold. From this, there is validity of a value dividing 
into three patterns, an isolated dot, 2 continuation dot, and 3 continuation dot, about the printing 
dot more than the 2nd threshold. 

[0091] As mentioned above, from the property of the solid line of drawing 7 , although it is 
possible that the amount of toners in which a value is consumed about the printing dot more 
than the 2nd threshold is equivalent, since it cannot say, that a value is such about the printing 
dot of under the 2nd threshold must carry out another handling. This is a mean value dot 
[0092] By the way, although what is shown with the dashed line of drawing 7 connects the ends 
of the property shown as a solid line and it is the case where the property of laser luminescence 
time and toner consumption is alignment, the toner consumption of a mean value dot with a 
small value is smaller than the case of an alignment property, and the toner consumption of a 
mean value dot with a large value will become [ many ] from the case of an alignment property. If 
the average of the value of a mean value dot is taken when are seen about the value of each 
printing dot from this and many printing dots are seen as a whole like an one picture unit 
although the value of a printing dot and the relation of toner consumption were nonlinear to be 
sure, it will be expected whether the average is settled in a certain specific value. Then, the 
printing dot which a value is more than the 1st threshold, and is under the 2nd threshold is 
considered that there is validity of treating in all together as a mean value dot 
[0093] As mentioned above, when 1 printing dots are 6 bit patterns, this invention person from 
the above thing as the 1st threshold Vth 1= 1 and the 2nd threshold Vth 2= 48 The pattern 
division of the printing dot train is carried out at four kinds, an isolated dot, 2 continuation dot, 3 
continuation dot, and a mean value dot. The number of an isolated dot, the number of times of 
generating of 2 continuation dot, the number of times of generating of 3 continuation dot When 
counting of the number of an isolated dot tended to be carried out (9) - (1 2) formula tended to 
detect the toner consumption of each color based on those enumerated datas and it asked for 
the weighting coefficient to each pattern, and the coefficient of the toner of each color by 
experiment the result as shown in drawing 5 was obtained. 

[0094] Since it is above, according to this toner consumption detection equipment, the 
consumption of the toner of each color can be calculated with a sufficient precision with easy 
composition, and, moreover, it can apply also to the equipment using the thing of hybrid 
composition, or the equipment which performs pulse modulation by other methods also at the 
equipment which uses Pulse Amplitude Modulation also for equipment using PWM as a pulse 
modulation method. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated 

3. [n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] While explaining the .1st toner consumption method of detection concerning this 
invention, it is drawing for explaining operation of the dot array pattern distinction circuit 4 of the 
toner consumption detection equipment 1 shown in drawing 2 . 

[Drawing 2] It is drawing showing 1 operation gestalt of the toner consumption detection 
equipment which detects toner consumption with the 1st toner consumption method of 
detection. 

[Drawing 3] While explaining the 2nd toner consumption method of detection concerning this 
invention, it is drawing for explaining operation of the dot array pattern distinction circuit 12 of 
the toner consumption detection equipment 1 1 shown in drawing 4 . 

[Drawing 4] It is drawing showing 1 operation gestalt of the toner consumption detection 
equipment which detects toner consumption with the 2nd toner consumption method of 
detection. 

[Drawing 5] It is drawing showing an experimental result 
[Drawing 6] It is drawing showing other experimental results. 

[Drawing 7] It is drawing showing the outline of the relation between the laser luminescence time 
when printing only the printing dot of a piece, and the amount of toners consumed by the printed 
dot 

[Description of Notations] 

1 [ — The 2nd comparator circuit 4 / — A dot array pattern distinction circuit 5 / — The 1st 
counter, 6 / — The 2nd counter, 7 / — The 3rd counter, 8 / — The 4th counter, 9 / — An 
arithmetic circuit, 10 / — A pulse modulation circuit 11 / — Toner consumption detection 
equipment 12 / — A dot array pattern distinction circuit 13 / — The 2nd counter, 14 / — 
Arithmetic circuit. ] — Toner consumption detection equipment, 2 — The 1st comparator 
circuit, 3 
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f±S*o-e*)5o r<o<5'-Y7'©:*7 — u— !f:?'y V 

[0 0 2 6] UT. 0 2^C;^H-#gl5^co^^-C^PJ•t-5, 

^lit^[e]Sg2(4. A;^>-r?)TOJKi/ htOfitllKDBI 
ffiVthl tSrJtg^L, ^l(OSHitt>l-hW{itS:^t-5TOJ 
K y h Sr^iJSiJIilK 4 m;^-r S t> fiO "efc •) . :i CD^ 1 (O 

gSffivthi ttP^pffi-ci-e*>5o 

[0 0 2 7] ^2it$S?|H]SS3(4. A;^li-5Pri»J Kj/ h(0 

mtm2<Dmmvth2 t^rJue^L. ig 2 ©Gaffi4ii_h©ffi 

rrT'tt^2(7)Mfflvth2 (iPWPfilTM 8 t-r5„ 
[00 2 8] WJtHl?S4(4. miit^!HlK2 i^21tfe 

JSU K -y h cDfit^5|g 2 (DmrnU^X-h^m-^. 2 Jiig K 

s^srmiji-s t «T'& "9 . mmmt^m 2 osiffi:w±(o 

ppJSd Ks/ h Sr<^*ai--5 Afttcll 1 * 5 1 Srm;^ 
2 3g^K-;/ H;i5%^tLfcr t S-1^*P^5Sft('®2 
^'i'ViJ' 1 $rtH;'3U. miCKs/ N^l^^q-rS^fef- 
lg 3 * ^-i? 7 ici =^i±l;^ mmm^m i (D@ittei± 
-efcSTOJKs/ hSr1^^Eq-f-5afttfc^4*^?:^;?8{ci 

[0029] 5. m2ti<y>^ 6. %Zi3 

e'V<?7, ^4*^J^>'i5' 8f±. -ttu^'ix. WJIsISS4;?»^ 

Srji*p-f-53i>'Kft-§-;iSfc5o UT. rixP>4o<D:!!; 



(6) 
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t. mmmm4it. mi^'^-^-^ sizMLxtimi 

(c) <omi:^'>:^'$'<om<^B%X'7ikirX^liZ. 2# 

■t'Hi ^m;^-f ^witc/i 19. tsoTiai (a) iCTjk-r 

mm K -y N?iJco»!R,1(;i*5tt^|| 1 5 T-©fmfa 

[0 0 3 0] mW\3\^9\Z(i^ [Il.T^L^^l/^;*^-®^?!? 

5:i:>- Km^?)S&So iifoT. IH]?S 9 fi^ 1 * >- 

[00 3 1] ^LT. 85eiH]K9tt, mi*^'Vi5'5~ 

2 iiigg K 5/ h (D^*le]|^(OH-®cffl«^ 2 v-^? 6 (Ofh 
ffit*. M4:*!J'>'i?8<Dfhmffld-P>^l;*^J'V^5<^th 
[0 0 3 2] ^LT. ?SSlHll^9tt. m3iKs' hCDfgf: 

^hf-SS^WJt^Uckl . k2 , k3 SrS^SUT. 
— CO^^Ky . Km . Kc , Kk (Offi. Sr/=S-fe«0;*-7 

±y hmit^tbmnmm9izm&^inx\^'^. 

[003 31 y</i^:^^mm^ 1 0 h- y 

Cfeh-^-- m^»=Kc X {kl X ( 
+ k2 X (^2*e'V 
+ k3 X m4:^^>' 

z<oxoi,z Lxc(omiSLmi^(^^^-b^tmT'r^t. 



[0 0 3 41 iWT. Slf^Srttte^-t-Siii. :iw-efi. 
^T^5^^?)?5^ ::wi$^l:*'>:^^5~||4*e7>-^8 

[00 3 5] UT, CWB^WPPSiJ Kj/ hcofeis^jj^m 

iHlSSS. St^^-^/v-^^^^lHJSSl 0\z.XtS^iX^6 ^^>'^;^ 
^^lEli^l 0T-(i-o-o<7)Pn]SiJ Ks/ ^O^it^cS<5^^T 

(|g|2fcflllis%-fr-r) {c:Wi^$ix2.o 

[0 0 3 6] Sfc. Hi W:^(HlSg2(4. A;^7-r^TOJK 

Ky hW{it^lrWJ(H]gS4(ctil;^(L, H 2 itIiJisISS 3 
A;^-t-5En»!)Ks/ h<Dffii6S^2«ilffl[Vth2 EA±T-fo5 
»-&{c{4, rcDPHJSiJKs/ KomSrWJlHll«4{cm;^)'t-5 

[0 0 3 71 -eUT. WJISIK4tt. H 1 JtgflslK 2 t 

^ijic^tsvNT. TOJ K f h wfi*5|g 1 <DmmM.xh^ 

PPJSiJK-y h(D{it^5H2(DKffia_hT-fc-5»^. 2 

<73 4o(r)«'g-^WJ-r5tcDT'fcf9. |5tPfit;dS|| 2 con 
mj.AL(D^\m ¥ y V Sr^^i--5*tet-H 1 * >'i5' 5 
l?rm;'3U. 2»iKKs' N;45^^Lfcr.i:Sr^^-r5« 
fttcH 2 v^' 6 {;i 1 SrttS;^ a:4 K N ^m^-t 

± T' ?) PP^'J K s/ h Sr^^i- S «ft 4 ;* I? 

[003 81 ^1 5~||4*!?V^ 8(4, 

BIJ [Hiss 4/4^^5 l;65tB;fj$;}x5^g(C;*r>>'I.X5'7'i--5 

[00 3 9] ja^lHliSS 9 (4. Hl;*^>V^5~B4:*!? 

y ha -(5) 
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[004 0] ^ LT. M<Dmi$.(Df^m K-y hWgi^^sp^ 

th^ti. z(Dfpmh'-y hit. n 1 jtisnii^ 2 . m2itm 

[004 11 ^lJt;|51i]1^2tt. A;^7i--5PPBiJK 

[0 0 4 21 -^-LT, *ijsiJiHi?s4(±. miitmm^2 1 

^-g-. TOJK-y N(Dfji[yii5m2WHf(lW-hT'$>-5m-g-> 2 



ftlc||2;<7>?v^6(ci $rm;'3U. SUsl: K y H Sr^l^Pi" 
[004 31 ^I;*!?>'i?5~m4;*^'i^i5'8tt. T.i' 

[00441 ?S^Ih1SS9(4, ^ 1 * 5 ~^ 4 l> 

»»=Km X {kl X (m3*^?^^»tf»fit) 
+ k2 X (m2*e'V^«)tf-^ffl[) 

+ k3 X (^4;?7e7^^cDtffcfil-^l*e7i^^(Otffc{jt) } 
+Mfe h-^-— <D;e-7-t s/ hi "(e) 
[004 51 Y<r>mm.MfSL(0-^t='±:^i)mt:>ti. h-r-<om$S;m. RtfK^ h-i—<Dmm&ti^ti^'ti^ 

lfM:/n-fexS^{;:t>|Sl#{CLT. YfeW F--?— [004 61 

Yfeh-^-- ffi^S:=Ky x {kl X (IB 3 V^(Dtf-^fit) 

+ k2 X (||2*'>>'i5'0|+»fiS) 

+ k3 X (f^4^':;'>'^(OMmm-mi:^'>>'^<Dimm) ) 

+ Yfe h-^— hfl: -(7) 

Kfeh:^-?s^s=Kk X {kl X {f^3:a^>"^<Dt\-mim 

+ k2 X 2 ^'iJ' CO fffcffi) 

+ k3 X (■m4:ti'^>'^(Dfymm-mi:^'>^^^(Di\-mm.) ) 

+ K^h-r—(0:^7±y hM -(8) 



h'y h^m^LX\,^^m'^. m±Vy KT-fcS 
Mfe hi-— 



[004 71 tits. &L±(0&iXi-i. 1 0(D U—^^X 

c. M. Y. K(D4&(owmmiMi^ i^o:>mytmzm!^ 

m^<D±y hi:4om^^. i,^;bv^5^?V7='A^'f':7"« 
t.®lc:jgffl-t--5«-a-»-f4> C, M, Y. KCD4o(OB^ 



(0 0 4 81 ±|S©lttiqt?l43o<Dy^^ — Vfil^t-r-Sa 
^mfmWkl , k2 . kS <©fS(±|5]i;ffiSrffli/^5t<0 

[0 0 4 91 mn^^9Xj^ibtc<^^(D h-r~<DmKm 
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(0 0 5 1 1 [^2CO h^-ti^Sl^m^ffi] ^ 

yh. 2i*iKKs'h. *wfitKs/h. mi<Dmm.. m2 

[0 0 5 2] :i(7)||2(^:;^ffi(±. ixEUfc^ i (o:^S(D 
-VS:. mSlKs/h. 2igi^Ks/h, tfWfifiKs' N(D3 

LTV^5„ rrr-, Siii^Ks/ htti, PgWfiS^J^ 2 CD 
[0 0 5 31 2»i^Ks/ h(;iJP^r> smmh'-yh^h 

< . ^ivx^mi^^<^£^ti^vm.m^h?)<DX\ 2JS 

[0 0 5 41 =&{$:WicH0ccDj; 5T'fo5o ^^^^ 1 K¥ 
[0 0 5 51 :iro^'a-, S-f. )«<i)^A;O^SCfecopi^ 

cDTOJKs/ ^^co^^x, m^Ks/ hcojB^. 2aiKKs/ 

Cfeh^-m»»=Kc X {kl 

+ k2 X 
+ k3 X 
+ k4 X 



JgiJK-y h?ij*5|l|3 (a) fc^-T J; t "TSo i'i 

ib\ 03 (a) (imi (a) tmCXh^^ ZZ.Xhl 

Vyhi-tetr y hm^xh *). f^i ©Egfltvthi= 

U ^2(OiaffiVth2=4 8 
[GO 5 61 miCK-y 2mmh'yh. 'Pmmh'yh 

<^)|iiP»i^2coBiffitA±T-*)i9. iS>CC0 7#eSU=8# 
@<^WJ Ks/ hcopgp{iit,*{c^2C)WIItA±T'fc-5, 

Ks/ hdUS^^feLTl^S., (113 (b) (DSmmVyh 
<7)1«»8#@(DR1JSIJ Ky hco®glfftc|IAi65Ml/^Tl/^5)C75 
tt^(Dri:Sr^UTV^-5, iRlfili-, 7#St8#St9 
SSwEniMK-y h<^isgp»*(BI*v{>^2(Dg|ffitJl±-efc 

?,<DX\ :i:LXh3mm.h'y h-i^imm±Lx^^^o m 

3 (b) <^3igi^Ks/ hc0lfB(O9#g(^TOJK-y hco® 

mmxh?>o mox. ms u) ©j^. m±h'yh<D 

mi^(r>nmim-t 2 . 2 mm k y h (D^^^m<Dfmi&i± 

[0 0 5 71 ^LT, -?:ttf>4o©m-igcflSlc:^ix-?ix# 

Ks/ N<Z)vNV-i/ic*fi-5II^M-im^Srk2 . 3»!K 
K-y hcD/N-^^-X-M-rSfi^^^f+tt-e^^^rkS , tf^rB^fiE 
Ky h<^/^°^->'{;i>^i-5a^lt«t#.^S:k4 i C 

X (mS:Ks/ h®<®l^<^fHgc{it) 

( 2 K y h <Dm^mm(of^wm 
{smmh'yh (om±mm<Dnmm 



(9) 



^ixs^s. MferoBi^oEPKijKs/ hJc*tu-ct. mm m^fknL. wiic^(Dm^im^:ty±y hm^M^x. 

{Z^ m±Vy h<r>mm. 2ig)^K-y h^^^lallgc, 3m -erotttcm^^ttfcMfewH-:)— t^o 
K-y h<^^^lH]^. RXf'Prnm Ky h<Oi®^Srtfic-r Sl^ 1 MX<DC^ hi—o^m^tmii. Mfe© h-:^- 

M&hi—m^m=Km X {kl X miLh'y h<Dmm(of\-w^m) 
+ k2 X (2mt^y^y h(Dm^mm(^m-mm) 

+ k 3 X ( 3 iggg K y h (O^^^WmmM) 
+ k4 X (^t^rafflK-y h(D<B|gc<DH-ic{j|) } 



(9) 
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+M6 <D:*-7-lr s' M: -(lo) 

tf£^. telMT-cOYfe h:^— KfeN^f— cDf^fti 

[0 0 5 9] WT. YfeOiS^cDTOJ Ks/ ^t^Kfe f±. Yfe(^ h-^--(7?«^4rKy . Kfe(D h-^--«^i^Sr 

Yfeh+-ii»»=Ky X {ki X miLV-yvnmwinnmm) 

+ k2 X (2 5gggKs' hcO^^ia^coH-fcfiS) 

+ k3 X {zmmv-y v(r)^^mm(onm.m) 

+ k4 X (t^FamKi/ N©<Bfc<75tmffi) } 
+ Yfe ro^r^ir s/ M ■•(11) 
Kfeh-^-- ?g^J:=Kk X {kl X miLYyV(Dm^<r)tmm) 

+ k 2 X {2mmv-yv <D%^m%:(Dwmm.) 

+ k 3 X (3 mm. K -y h O^^tlHlfccDW-fcffl) 

+ k4 X (tflfelffllK-y h<^<B^©fH^«) } 

+ Kfe h-:^— (D^y'-fes/ M: •••(12) 

[0 0 6 01 Jifc. ±fS©#/^:? — i^td^f-r-Sfi^Mtt 
'Klg:kl , k2 . kS , k4 S05<S.fe(7) f.-:^_,7)^^K 

y . Km , Kc , Kk CDfI(±, ft^er (D^l(#t^O^^TTOJ 

2 mm K y h i^m^-r^ mw. 3 mm k s/ k -A^m^-t^ 

[0 0 6 1] ±ffi<0(9)~(12)S;-Cfi4 0(^/^^ — Vfd 

>p}-r2.fi^^^ft#^ki . k2 . k3, k4 (omnmc 
-^-icM-r^m^mmM. 2mm v-y h(D^<^->'{z 

<DMPMX'HM2(omimc. M, Y. K^c:o^^-c^TlR) 
CT'fcSt U/c^^ fei^ioTS^ib-tirTt ctl^^tf^T- 
fe-So z.(DX^i,cvx^iibtc^&(Oh-)--<Dm^ 
»fia* r t dST*# 5 t tt±xS Lfct IhI«t- 

[0 O 6 2] Ji^_h<7)J;5T'fo-5CiT% 

mm h'-yi-'DA mmi^^^if. m± k y h <Dmm. 2 mm 
y<'?-'^izn^?,my^Himmi:mn\^xmnL. 



[0 0 6 3] im2(Dbi-~mmmmmi7m^mmi-tc 
hi—m^miikmmmi mc. ±^i.tc^2(Dhi—m 

[0 0 6 4] I114tt, h-?-- i^»*1^m^@Sr*7-W 

ir|ffl»-T?fc.5;ii5^ ^w— ^wibf1s^5^^£oTi/^.5„ 1114 

4{c*5i/'>T. |ll2(c^-t-t)K)t(DDt>cotc:ov^TttlH— 

w Lxm^-r^um^m^miz ti^tb^^ti^ 

iS7t#:C)Jlia(-C, Y. K<D4#,cr)JS^^;4>iag$ 

[0 0 6 5J miJlH]?Sl 2tt. ^litKls]?S2 i||2Jt 
PPJBU YyV(r>m.mW,2(r> m\mx -hX' fe 5 »-a- . 3 3i«c K 

»^?^WJ-t-5 4>(^-efc!9. |itfl{tt*s^2<oigfiftEt± 

<D^W\Yy h^1t^-t-5Sfe(i|gl *'?>'^5(C1 

2i3^^y9 1 3{ci Srm;^U BE^iK-y hSrM*n-rs* 
3 * 7 tc: 1 Srlti;'} L, mwmb^^ i ©BIffl 
Jil±T'fc5TOJK-y hSr:^*Pi-.5affetc:m4*^'>'^'8 
1 ^m;^3i-5o 



(10) 
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[0 0 6 6] ISl*'?Vi5'5. ||2*^'V^5'13. ||3 

Cr!|;ttflll3 (a) Ic^i" J; 5 :^iWJ K s' S (Oia?iJ;45 
foS^r-rS^r^ WiJ|a]i^l2tt. S 1 :* !? v^? 5 (c>tL 
T(±I211 (c) CD||l;(7'?>'^c75fli|(OaAr'^i^i-J:9 

2#S, 6~10#S, 1 3«@<OTOJK-;/ hwi: 

(a) {di^-t-ppJSU K ^-^i^i? 
5 T'CD?f-ic{Bf± 7i:7i5o ^2:*':>>'^13. M3*l> 

>-:*'7. ^4:*^>>'<$'8^;lo^/^Tt>lll1*-C'i)•5o 

[0 0 6 7] ig^E^l 4{Cfi, 0^L>^il/>*7-H^ 

-r2)^>-Mf^i4Sfcs, ^ieoT. «»(Hi?s 1 4 ttm 1 ~ 

W^ft!;5^b©fe«^(c J: «9 . e'^'^d^fjSiftffiiofcH- 
[0 0 6 81 ^LT. it^IalSSl 4(i. Ill :*^i^^5'~ 
mmvy h(D^±^m<Dnmm. Ri^^^mv-y h(Dm 

^|HlfccDH-fctt»i^ 2 ;<7 ■> V;? 1 3 Wfficffl^O tWC 

[0 0 6 9] ^:LT. ill^lHl^ 1 4H, iDl^iK-;/ H«1B 
»-t-5Si^f^Jt«|gckl , k2 . k3 , k4 Sr*l[L 

r*xe,4ooffi5rApgL. '^\c^<r>imm.\^y^'- 



SK^<0 K:h-?B$4?Sr*«>5, /ifc, rH?>4oroy-5 

<?->'{C>Pj-^5a;^{^(t#ickl . k2 . k3 , k4 
fit. #feco (O^fcKy . Km . Kc , Kk <«{il, 

^o:#fe(D;*-7ir-;/ hl:»±^«)M^(el^ 1 4tc^^$tt 

[0 0 7 0] tJiT. m>{^-kmm-t^ii-. c^-ett. *9 

St>C0i:i-S„ *-r. C©;!!7 7-iii^Jf0fia«7'a-fe;^;65 
tTt>tb€)/i^ *';7V^5~m4*'>>'^' 8 

Ie]8S3. ^o?/^/i';^^ia(H]?Si o\cA:^^inio 
^mm^ 1 0 T*»d:-o— ooRlgiJ K N<75{IlcS'5v>T 

(ll]4{:ittllI^iirT) icW^^tLSo 

[0 0 7 2] ^fc, ^lJt|StlHlSS2f±. A;^-r5TOJK 
5/ K<Offl;i)S||l(DMffiVthl ^(Dfpm 
h'y hoffltSrWJUlKl 2{c:m;'3b. m2tt:tft|lIiK3 
(±. A;^-r5PnaiJ Ks/ K«fit;45^2(D|l^{t:vth2 jy±T* 
fcS^-^tCtt. rwPpJSUKs/ h»ffi5rmiJ[al^l 2{cai 

[0 0 7 3] ^L-C. WJlHlKl 2f±, ||litt!ilslK2 

O^lJtcS-rJlN-C, TOJKs/ h(Dffi^5||l(^R|ffi£;l±T'& 

wih'y h<Dmi>^m2<Dmmu±-(^h^m^. 

-a-C0 4o(0^-a-^WJ-t-5t>©T'fc>9. |5gpfiS;iS^ 2 © 

mmu±(Dm^]]fy h^m^-t?>Amzmi:^c>'^ 5 

f^l Srffi;^7L, 3iSj^Ks' H:iS^^Lfcr 

Sfeicm 2 * ^7 1 3 fCl ^m;^) m^lE K y h Sr^ 

^-t-?)Sfe(c^3*->>':5' 7[ci Srttl;fjL. Pgpffi;i5|| 

1 (ommu±xh^mi h-y h^m^-r^&mi,cm4:^ 

[0 0 7 4] ^1 ^-^^^^ 5~m4:*'>>-^ 8(±. 

SlJIUi^l 2/4^P> 1 ;65m;^,$^x5^g(c;<7 h T <y T^f 

Si&i^^^fJjg-t-, ^UT. ^l;!;'J'V^5~^4;<;^> 

ig^lelieg 1 4 (Cffi L-CthScfiES: ^ y T 2>C«H-fc9jf^ 

[0 0 7 5] SI3StlaIKl 4»i. ^I*'>>'i5'5~m4:* 
^7^^5'874^e,tfSc{i^S:»t2>t. ^KtmffittCWlii^ 
© WJ K y h icoi, ^TWti-ic^iST-fo 5 :: t Srfgit LTV ^ 

1 3wfhicffiSrc2 , ^3iJ 7 (r>%^WLm^ . 
114 8 (Offic{it^^c4 t LT. ?Jc(DS:jc:j:tj :i 
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Cfehi— tg^»=KcX {klX 
+ k4X (c4-cl) 

::rT\ kl (t.m.±h''y \'(Oy<^-'^{z^-r^A^i^n 
k2 ii2mmh''y h<o^<^-:^izMir^m^Hif 

[0 0 7 6] rcDJ:5tCLTC(D®^Jf$^ro7'o-fe^*S 

M^h-i—m^M=KmX {kix 
+ k4X (c4-cl) 
Y&hi—m^m=KyX {kix 
+ k4X (c4-cl) 
Kfehi— ri»a:=Kkx {kix 
+ k4x (c4-cl) 
[0 0 7 8] ixELfci^tC, 4o©/^^-VtCJt-t-5 
*^#»t«!&[kl . k2 . k3 , k4 ©fit. 
hi—(D^.W!iKy . Km , Kc . Kk (Dffl(i||g|{C J; IJ 

m K S' h «S 6 f H 2 <OK«Vth2= 4 8 t L 







kl =0.76 


•••(17) 


k2 =1.00 


-(18) 


k3 =1. 10 


•(19) 


k4 =0.30 


-(20) 


Kc =9.20X10-6 


•••(21) 


Km =10.50X10-6 


-(22) 


Ky =9.95X10-6 


-(23) 


Kk =12.53X10-6 


•••(24) 



limhntco :l^^e3<o^t$:ffl^/^T(l3)~(l6)ItoS^§r 
[ 0 0 7 9 J U±.(DmX'{-i^ 1 0(D U— !f 

i><oizmm-rim^ia±. c, m. y. k<o 400111^ 

[0 0 8 0] /iib\ ±|EK)|fte«-efi4 0(D/>'^ — 
■t-5*i^{^tt«»kl . k2 . k3, k4 <0{fif±ISlDffi 



c3+k2X (cl-c2-c3) +k3Xc2 

} +C^hi-—(r)7i-y±'y hM -(is) 

[0 0 7 7] 

c3+k2X (cl-c2-c3) +k3Xc2 
} -f Mfe h-^-W3^7•^r J/ h» -(14) 
c3+k2X (cl— c2— c3) +k3Xc2 

)^■y^\'•r—a:>■)iry^yvm. -(is) 

c3+k2X (cl— c2— c3) +k3Xc2 
) +K^V-t-(Dyi-y^yhm. •••(16) 

M'fe5®-e, h-*-- WfetdioT. a* K .y K^^-^^'- 
[008 1] 1 4 T-*«)fc#few v^-<om^ 

[O O 8 2] £Jl±Oj; rwh^:?— 
[008 3] 2>ct^. *l6l^#-SStTofc«» 

sfeftSriEi 5 {c/T^t-o HSU. msa^cos^M^. ^{pl 

Mi6 tV h«fig,X'fe?). ||l(DW{iiVthl=l, %2. 
©llffiVth2= 4 8 T-fcSo 

[0 0 8 41 :i :i T\ V-i—m^mnmWh (i. ±te 
(l7)~(24)(0^iS?rffl^^T. (I3)~(l6)^{c J; t) *Ji:)fc# 
fecD h-:^-<D?iS'l:-Cfo'5, HIS (a) HYfe h-^"— CO 
?S«»> 05 (b) JiMh-^-- <0?N©», 05 (c) fi 
Cfe h-^-rotift*. 0 5 (d) fiKfe h-^-tOJB^l: 
Sr^LT*Jt). v^-r*xt>1tto5 ift-roroS^fjt, 

05 (a) ~ (d) n^%^^\.^±mm^-(:-fxiy\-^ 
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